Oxygen consumption and cardiac index increase in patients during weaning from mechanical ventilation after cardiac surgery, 3 and the additional load on the cardiovascular system could be crucial in some patients. To study the underlying mechanisms we measured V Ç O 2 , WOB, cardiovascular effects, and the plasma concentrations of catecholamines and other hormones involved in the stress response during weaning using different ventilatory modes, in patients who had aortocoronary bypass surgery.
Methods and results
After approval by the local ethical committee we studied 10 patients who gave written informed consent. They were admitted to the intensive care unit (ICU) after aortocoronary bypass surgery. Inclusion criteria were as de®ned in a previous study. 4 Anaesthesia was obtained with i.v. propofol (2 mg kg ±1 bolus followed by a continuous infusion of 25±75 mg kg ±1 min ±1 ), fentanyl (40±80 mg kg ±1 ) and muscle relaxation obtained with pancuronium bromide (0.2±0.3 mg kg ±1 ). After operation, a propofol infusion (25±50 mg kg ±1 min ±1 ) was used for sedation. Mechanical ventilation was with an EVITA-2 ventilator (Dra Ègerwerk AG, Lu Èbeck, Germany) using the following settings: volume-controlled continuous positive pressure ventilation (CPPV), tidal volume (V T )=8±10 ml kg ±1 , and respiratory rate (f)=10 breaths min ±1 ) until rewarming and recovery from anaesthesia was complete. If cardiovascular measurements were stable and no surgical complications had occurred, a set of control data was obtained as described below. The propofol infusion was then stopped. As soon as the patients were able to breathe spontaneously at a respiratory rate of 10±25 breaths min ±1 , the ventilator was set according to a preset random order (which was masked for the physicians involved in patient care) to one of the two study settings, for example, synchronized intermittent mandatory ventilation (SIMV) or biphasic positive airway pressure (BIPAP), both combined with inspiratory pressure support (PS). The mechanical respiratory rate (f SIMV ) was reduced to 5 breaths min ±1 , and the pressure support adjusted to give a V T of about 50% of the passive mechanical breaths. During SIMV the V T was set as during CPPV, whereas during BIPAP the inspiratory pressure level (P insp ) was set to the plateau inspiratory pressure noted during CPPV. At least 120 min after the propofol infusion had been stopped, a set of data was obtained. We then switched to the other test mode and sampled data again after 60 min.
We recorded the following variables:
d Flow, airway pressure and oesophageal pressure (measured from a balloon catheter inserted using a laryngoscope immediately after induction of anaesthesia and positioned using the`occlusion test' 4 ), as continuously digitised values to allow off-line calculation of respiratory rate (f), minute ventilation (MV), pressure± time product (PTP), and WOB methods described previously.
5
d Heart rate (HR), systemic vascular pressure, and cardiac index (CI).
respiratory quotient (RQ=V Ç CO 2 /V Ç O 2 measured ) and mean expired PCO 2 using the Deltatrac â metabolic monitor (Datex Corp., Helsinki, Finland). cortisol, vasopressin and prolactin using methods previously described. 6 7 Statistical analysis was performed using a Friedman ranksign analysis for repeated measures and a subsequent nonparametric Student Newman±Keuls test.
All data are presented as medians and quartile values in Table 1 . Although cardiovascular and gas exchange measurements were in the normal range during all study conditions, plasma values of catecholamines and hormones, except for cortisol and prolactin (probably partly suppressed by the low-dose dopamine-infusion administered during weaning from cardiopulmonary bypass), were elevated regardless of the ventilatory mode used during the corresponding test period. The values noted in the three study conditions, however, were not statistically signi®cant. f, WOB, and PTP were greater during both partial ventilation support modes than during control. However, no statistically signi®cant differences were found when comparing SIMV+PS with BIPAP+PS.
Comment
Wet set out to measure V Ç O 2 and the stress hormone response at the same time during weaning after cardiac surgery. Compared with previous measurements in intubated, spontaneously breathing patients, 4 WOB and PTP were less with both modes SIMV and BIPAP because of the greater degree of mechanical support applied. Nevertheless, we showed that both ventilatory modes required the patients to sustain a signi®cant portion of their minute ventilation. The patients were suf®ciently awake to completely control their own breathing pattern, as seen from their respiratory rates. Interestingly, V Ç O 2 did not increase when WOB was increased after switching to either SIMV or BIPAP, indicating that spontaneous breathing was performed ef®-ciently, with a minimal in¯uence on the cardiovascular system. 1 This ®nding was independent of the method used to determine V Ç O 2 . The difference between V Ç O 2 measured and V Ç O 2 calculated was probably related to the pulmonary oxygen uptake, which V Ç O 2 calculated does not measure. Therefore, using the Fick method to measure total body V Ç O 2 after cardiopulmonary bypass may underestimate the true value by up to 20±30%. 8 The catecholamine and stress hormone blood concentrations we found generally were greater than normal and also greater than values previously measured after abdominal surgery. 6 The hormone release may have contributed to haemodynamic stability as was demonstrated in that study. 6 These catecholamine and hormone concentrations were already present in the control period and did not increase after withdrawal of sedation and switching from passive ventilation to partial spontaneous breathing. Therefore, we believe that after cardiac surgery the hormonal response is not affected by the discomfort of breathing. Even BIPAP, which can make breathing more comfortable during weaning and reduce the need for sedative drugs 9 did not affect the plasma catecholamine and stress hormone levels.
The hormonal stress response may provide an objective method to measure patient comfort during mechanical ventilation. It has been used successfully in preterm infants to demonstrate the advantage of mechanically supported spontaneous breathing over controlled mechanical ventilation in terms of reduced stress response. 10 Assessment of the attempt to determine the physiologic stress response during weaning by measuring stress hormone blood concentrations in adults have not been attempted before. We found that during the early stages of weaning from mechanical ventilation after cardiac surgery, switching from passive ventilation to partial spontaneous breathing and interruption of continuous sedation did not alter the postoperative hormonal stress response and V Ç O 2 . Obviously, since we studied a small group of subjects after uncomplicated heart surgery, without pre-existing pulmonary diseases and limited myocardial function, the results may not apply to patients with compromised circulatory or respiratory function or if weaning from prolonged mechanical ventilation.
